A number of key cellular functions, such as morphological differentiation and cell motility, are closely associated with changes in cytoskeletal dynamics. Many of the principal signalling components involved in actin cytoskeletal dynamics have been identified, and these have been shown to be critically involved in cell motility. By contrast, signalling to microtubules remains relatively uncharacterised and the importance of signalling pathways in modulation of microtubule dynamics has so far not been established clearly. We report here that the Rho-effector ROCK and the multi-adaptor proto-oncoprotein Cbl can profoundly affect the microtubule cytoskeleton. Simultaneous inhibition of these two signalling molecules induces a dramatic rearrangement of the microtubule cytoskeleton into microtubule bundles.
Introduction
In light of its involvement in numerous cellular functions, the cytoskeleton is critically required for cell division and motility. The assembly of functionally distinct cytoskeletal structures is governed by a variety of regulatory signals and prominent among these is receptor tyrosine kinase (RTK)-mediated signal input to the actin cytoskeleton. RTK-mediated changes in actin cytoskeletal dynamics are mediated by members of the Rho-GTPases (Hall, 1998) . It has been well established that the activation of Rho mediates stress fiber formation, while Rac and Cdc42 activation lead to the formation of lamellipodia and filopodia associated with cell spreading and directional motility. These Rac-and Cdc42-induced actin structures are prominent structural features of growth cones of neuronal cells (Schaefer et al., 2002; Zhou et al., 2002) .
By contrast, very little has been established regarding signalling to the microtubule network (Gunderson and Cook, 1999; Hollenbeck, 2001) , although these cytoskeletal fibers are also subject to rearrangements following changes in cellular conditions. Effects of activated Rho on microtubules have been reported (Cook et al., 1998) and these appear to occur by mDia-mediated microtubule stabilisation (Palazzo et al., 2001) . The molecular mechanism of this stabilisation remains unknown and it is not clear whether this actually reflects a direct effect on microtubules. However, Rac-mediated signalling to the microtubule cytoskeleton is suggested by the discovery of direct association between the Rac effector IQGAP and the microtubule "plus-end" CLIPs (Fukata et al., 2002) . Similarly, it has recently been reported that microtubule-dependent cell polarisation and centrosome repositioning involves Cdc42-medaited signalling and association of APC with microtubule "plus-ends" (Etienne-Manneville and Hall, 2003 ).
Here we demonstrate that the Rho effector ROCK and the multi-adaptor proto-oncoprotein Cbl can dramatically affect the microtubule cytoskeleton. ROCK has clearly been implicated in regulation of the actin cytoskeleton as it phosphorylates a number of 4 F-actin-associated targets (Matsui et al., 1998; Fukata et al., 1999) . On the other hand, the biological function of Cbl remained elusive until the discovery of its RING finger-mediated E3 ubiquitin ligase activity (Joazeiro et al., 1999) . In light of its ability to act as a ubiquitin-conjugating E3-ligase for tyrosine kinases, and its role in C. elegans and Drosophila RTK signalling, Cbl has mostly been described as a negative regulator of protein tyrosine kinases (reviewed in (Thien and Langdon, 2001) . We have previously shown that inhibition of Cbl by expression of a dominant negative construct profoundly enhances Rac-mediated signalling to the actin cytoskeleton suggesting a role for Cbl as a negative regulator of Rac . Indeed we have recently shown that thymocytes from c-Cbl knockout and tyrosine kinase binding (TKB) domain inactivated knockin mice show markedly elevated levels of GTP-bound Rac (Thien et al., 2003) . In this report we extend our analysis of Cbl's regulation of the cytoskeleton and find that the simultaneous inhibition of Cbl and ROCK in NIH 3T3 fibroblasts induces microtubule bundles and rapidly leads to the formation of neurite-like extensions. Interestingly, the formation of microtubule-rich extensions in response to ROCK and Cbl inhibition is independent of both microtubule stabilisation and the actin cytoskeleton. Rather, the ROCK and Cbl regulated formation of these structures represents a novel microtubule bundling-dependent function.
Results

Involvement of Cbl in RTK-activation dependent changes in cell morphology
Growth factor-mediated induction of receptor tyrosine kinase signalling pathways can result in rapid and marked changes in cell morphology. For example exposure of serum-starved NIH 3T3 fibroblasts to platelet-derived growth factor (PDGF) rapidly leads to a minor alteration in cell morphology, characterised by a partial collapse of the original cell shape ( Figure 1A , panels 1-3). By contrast, we found that PDGF treatment of cells expressing 388-Cbl (a dominant negative TKB domain construct of c-Cbl) induced a transient, but pronounced, rounding of the cell bodies concomitant with the appearance of long cytoplasmic extensions ( Figure 1A , panels 4-6). This effect of 388-Cbl was specific for growth factor-mediated activation of RTKs since treatment of serum-starved 388-Cbl expressing cells with either FCS or LPA did not elicit a change in cell morphology ( Figure 1B) . Furthermore, while the tyrosine kinase inhibitor Genestein and the Src inhibitor SU-6656 blocked the effect of 388-Cbl on PDGF-induced changes in cell morphology, the PI 3-kinase inhibitor LY-294002 and the Rac signal inhibitor SCH-51344 had no effect ( Figure 1B) . Similarly, transient expression of dominant-negative Rac1 or Cdc42 constructs did not block the PDGF-induced morphological change (data not shown). Hence, this response to PDGF requires the activity of protein tyrosine kinases, such as Src, whereas PI 3-kinase-, Rac-and Cdc42-activated pathways do not appear to be involved.
RTK-activation dependent changes in cell morphology involves microtubule reorganisation and signalling by Rho
Since the cytoskeleton is considered a principal determinant of cell morphology we examined whether cytoskeletal rearrangements could underlie the profound morphological changes induced by PDGF and dominant-negative Cbl. We found that staining the 388-Cbl expressing cells with anti-tubulin antibody revealed a striking cytoskeletal change following PDGF activation that resulted in the appearance of microtubule-rich extensions emanating from the cell body ( Figure 2A , panels 1 and 2). We therefore wished to examine whether microtubules are required for the appearance of these extensions. Brief exposure of cells to nocodazole, prior to PDGF activation, resulted in depolymerisation of microtubules and inhibition of the formation of extensions (Figure 2A , panels 3 and 4).
It is well established that members of the Rho-family of GTPases are key mediators of signal transduction from RTKs to the actin cytoskeleton (Hall, 1998) and there is increasing evidence that RhoA is also involved in the regulation of microtubule dynamics (Cook et al., 1998; Wittman and Waterman-Storer, 2001 ). Indeed, changes in cell morphology in response to PDGF receptor activation are thought to be due to transient down regulation of Rho (Sander et al., 1999) . Therefore, by expressing a constitutively active form of RhoA in 388-Cbl cells we could assess whether its down regulation is involved in PDGF-induced changes in cell morphology and microtubule reorganisation. We found that expression of constitutively active RhoA fully blocked the PDGF-induced extensions ( Figure 2B ), suggesting that the formation of extensions requires the down regulation of RhoA.
ROCK inactivation induces changes in cell morphology identical to RTK-induced changes
The effects of Rho on signaling to the microtubule cytoskeleton could be mediated by effectors such as the adaptor protein mDia or the Rho activated kinase ROCK (Aspenstrom, 7 1999) . While mDia has indeed been demonstrated to associate with microtubules, it's stabilising effect on microtubules is not associated with pronounced changes in microtubule organisation (Palazzo et al., 2001) and hence is unlikely to be involved in the marked microtubule reorganisation seen in PDGF-treated 388-Cbl cells. We therefore assayed whether inhibition of the Rho effector p160ROCK could underlie the PDGF-induced induction of extensions and microtubule bundles. We found that treatment of 388-Cbl cells, and to much lesser extent wild-type NIH 3T3 cells, with the synthetic ROCK inhibitor Y-27632 resulted in pronounced formation of microtubule-rich extensions that were indistinguishable from those formed by PDGF-activated cells ( Figure 3A , panels 1, 2, 4 and 5). This effect of Y-27632 on the cell morphology and microtubule cytoskeleton does not appear to be a secondary consequence of ROCK inhibition-induced stress fiber loss since disassembly of stress fibers by the myosin light-chain kinase inhibitor ML-7 induced cell collapse without concomitant formation of microtubule-rich extensions ( Figure 3A , panels 3 and 6).
In order to examine whether the Y-27632-induced extensions represent unique structures generated by lengthening beyond the boundaries of untreated cells, we examined the morphological response of a group of cells by time-lapse imaging and measurement of cell dimensions. 388-Cbl expressing cells which had been allowed to adhere to the culture substrate for 24 hours were imaged by phase contrast microscopy prior to (0 min) and after exposure (60 min) to Y-27632 ( Figure 3B ). Clearly, treatment of these cells with the ROCK inhibitor resulted in the formation of distinct protrusions that extended well beyond the original boundaries of the cells.
The critical involvement of ROCK in this microtubule-based cellular response was further confirmed by expression of a dominant negative p160ROCK cDNA construct (ROCK-KIDA) (Hirose et al., 1998) . Indeed, expression of this construct similarly resulted in a pronounced change in cell morphology involving the appearance of microtubule-rich extensions ( Figure 3C ).
Inhibition of ROCK induces polarity and microtubule-rich extensions in 388-Cbl expressing NIH 3T3 fibroblasts
The appearance of microtubule-rich extensions following ROCK inhibition is likely to be due to induction of cell polarisation and elongation. In order to assay to what extent pre-existing cell polarity and morphological features might be involved in the formation of the cytoplasmic extensions we examined the response of freshly plated cells. We used both time-lapse phase contrast microscopy of live cells ( Figure 4A ), and immunofluorescence microscopy ( Figure 4B) , to examine the effect of ROCK inhibition on freshly replated cells. this is reminiscent of lamellipodial and filopodial F-actin in neuronal growth cones (Da Silva and Dotti, 2002) . These findings support the notion that the cytoskeletal and morphological changes in Y-27632-treated 388-Cbl expressing fibroblasts may mirror some of the changes that occur during neuritogenesis.
Induction of extensions is independent of signalling by Rac, Cdc42, Crk. PI 3-kinase and Abl
In light of their effects on lamellipodia and filopodia formation, Rac and Cdc42 are thought to be required for cell polarisation and formation of neurite-like processes (Da Silva and Dotti, 2002) . We therefore assayed for the involvement of Rac and Cdc42 in the formation of cytoplasmic extensions following ROCK inhibition.
However, expression of dominant-negative Rac or dominant-negative Cdc42 had no effect on the formation of these microtubule extensions ( Figure 6 , panels 1,2,4 and 5). The adaptor protein Crk has been reported to mediate some of the effects of ROCK on the actin cytoskeleton (Tsuji et al., 2002) .
However, expression of dominant-negative Crk cDNA constructs with either SH3 ( (Woodring et al., 2002) . However, pharmacological inhibitors of these signalling molecules (by LY-294002 and STI-571, respectively), as well as other tyrosine kinase inhibitors (Genestein, PP2, SU-6656) did not abolish the formation of extensions in response to ROCK inhibition (data not shown).
Requirement of microtubules, but not microfilaments, for the formation of extensions
Cell spreading and motility is thought to result from the Rac and Cdc42-mediated assembly of microfilament-based lamellipodia and filopodia (Nobes and Hall, 1999) .
However, our results indicate that Rac and Cdc42 are not required for the rapid formation of extensions. This suggests that formation of these ROCK inhibition-induced extensions does not require assembly of microfilaments into lamellipodia or filopodia. We therefore assayed whether the actin cytoskeleton is indeed even involved in the ROCK regulated formation of extensions. Consistent with our results using dominant-negative Rac and Cdc42, we found that 
Microtubule bundles formed by ROCK inhibition are enriched in detyrosinated tubulin
Rho-mediated polarised assembly of microtubule arrays in motile fibroblasts has been correlated with induction of stable detyrosinated ("Glu") microtubules (Cook et al., 1998) . We therefore examined whether a similar mechanism of microtubule stabilisation might be Hence, these results indicate that generation of stable Glu-microtubules is not involved in the induction of microtubule bundles and cell polarisation, although the highly ordered microtubule bundles do eventually become enriched in Glu-tubulin.
Microtubule bundles formed by ROCK-inhibition share key properties of neuritic microtubules
In neuronal cells, the formation of neurites coincides with tubulin-acetylation and stabilisation of microtubule bundles (Lim et al., 1989) . We therefore tested whether the microtubule bundles formed by ROCK inhibition share these key properties of neuritic Figure   9B , panels 1 and 2), we found that the long microtubule bundles that form following prolonged exposure of these cells to Y-27632 are relatively refractory to depolymerisation by nocodazole ( Figure 9B , panels 3 and 4).
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Discussion
We have demonstrated that NIH 3T3 fibroblasts can be induced to form long cytoplasmic extensions and surprisingly, the formation of these extensions does not directly involve the actin cytoskeleton. Rather, a pronounced rearrangement of microtubules underlies the formation of these extensions. This rearrangement of microtubules into bundles occurs most markedly following PDGF activation, or ROCK inhibition, in NIH 3T3 cells expressing a dominant negative form of Cbl. This phenomena also occurs (albeit to a much lesser extent) with wild-type 3T3 fibroblasts, whereby ROCK inhibition has been reported to similarly induce "neurite-like processes" (Hirose et al., 1998) . While these processes indeed bear a degree of resemblance to neurites in terms of geometry and cytoskeletal organisation, it remains to be seen to what extent the rapid Y-27632-mediated formation of these neurite-like extensions in fibroblasts and neuronal cells parallels differentiation-induced neuritogenesis (Da Silva and Dotti, 2002) .
It has been well established that actin cytoskeletal dynamics are critically involved in cell motility, which is closely associated with cell polarisation and the formation of leading-edge F-actin-rich lamellipodia and filopodia. The formation of these structures is particularly clear at the neuritic growth cones of cultured neuronal cells (Schaefer et al., 2002; Zhou et al., 2002) . Further, biological inhibitors of neurite extension have been demonstrated to induce disassembly of actin-rich structures of the growth cone (Luo, 2000) .
We have determined that 388-Cbl expressing NIH 3T3 fibroblasts can be induced to form long cytoplasmic extensions in response to ROCK inhibition. These extensions are morphologically similar to the neurites formed by differentiating neuronal cells, although the kinetics of their formation is very different. The pharmacological induction of extensions in NIH 3T3 cells occurs within minutes, and extensions approaching nearly millimeter lengths arise following overnight treatment. By contrast, several days are required to achieve significant neurite formation by neuronal cells exposed to differentiation-inducing factors.
Similar to neuronal growth cones, the ends of the neurite-like extensions of NIH 3T3 fibroblasts contain distinct F-actin-based structures. However, since formation of these extensions is not abolished by F-actin disassembly, the leading edge lamellipodia or filopodia may be primarily involved in the formation and/or path-finding function of the growth cone.
Interestingly, this is similar to the previously reported F-actin-independent formation of neurites by neuronal cells (Marsh and Letourneau, 1984) and further supports the notion that with neuronal cells the actin cytoskeleton is similarly involved in growth cone dynamics and steering rather than in neurite extension. (Zhou et al., 2002) Formation of extensions, even following the disassembly of F-actin by cytochalasin D treatment, suggested that their formation occur by an F-actin independent mechanism. The crucial role of microtubules, and not F-actin, was therefore confirmed by treatment with nocodazole, which abolished the formation of the extensions in fibroblasts. This appears analogous to the inhibitory effect of nocodazole on cell polarisation induced by ROCK inhibition (Omelchenko et al., 2002) . However, the inhibition of cell polarisation by nocodazole is difficult to interpret since microtubule depolymerisation is known to induce Rho-GEF-mediated formation of stress fibers (Krendel et al., 2002) . Since nocodazole treatment of freshly plated cells does not induce pronounced stress fiber assembly, our results in Figure 7A clearly indicate that the effect of microtubule depolymerisation on the formation of extensions indeed reflects their critical involvement in this process rather than secondary effects on the actin cytoskeleton.
Conversely, formation of extensions still occurs following microtubule stabilisation by taxol. One interpretation for this result is that microtubule stabilisation is an important aspect of the formation of neurite-like extensions. Indeed, a hallmark of neurites is the presence of stable microtubule-associated Glu-tubulin (Paturle-Lafanechere et al., 1994) . Further, 15 selective polymerisation and orientation of stabilised Glu-microtubules has been reported to occur during cell polarisation and directional motility (Cook et al., 1998) .
Analogous to the microtubule bundling that occurs upon assembly of the mitotic spindle in the presence of taxol (Jordan et al., 1993) , we found that taxol stabilised microtubules can also still be bundled into cytoplasmic extensions in response to ROCK inhibition. However, the pronounced elongation of these Y-27632-induced extensions is blocked by taxol. This indicates that, as one might expect, microtubule dynamics are important for the pronounced elongation of the cytoplasmic extensions. Further, our results indicate that Glu-tubulin-associated microtubule stabilisation is not part of the underlying mechanism for formation of the neurite-like extensions. While induction of neurite-like extensions does involve a pronounced reorientation of microtubules into parallel bundles, this occurs in the absence of Glu-microtubule formation. Rather, Glu-microtubules arise at a later time point, when the extensions and the extensive microtubule bundling have essentially reached completion. Hence, similar to the situation with taxol treated cells, the emergence of Glu-tubulin presumably reflects a significant degree of microtubule stabilisation following their assembly into microtubule bundles. These results therefore suggest that one of the principal initial events driving the formation of these extensions is microtubule reorganisation into bundles. Importantly though, the accumulation of Glu-and acetylated-tubulin in the extensions of Y-27632-treated 388-Cbl expressing NIH 3T3 fibroblasts is similar to the accumulation of these post-translationally-modified tubulin isoforms in neurites of PC12 and neuronal cells. The similarity between these cytoplasmic extensions is further highlighted by the resistance of their microtubule components to nocodazole depolymerisation. In light of these similarities, it is clear that these extensions can be considered neurite-like, as suggested previously (Hirose et al., 1998) .
It has been well established that ROCK, one of the principal effectors of Rho (Aspenstrom, 1999) , is an important regulator of the actin cytoskeleton. Through its effect on 16 myosin light chain phosphorylation (Kimura et al., 1996; Ridley, 1999) , and possibly also as a result of its ability to phosphorylate the ezrin/radixin/moesin (ERM) components of focal adhesion (Matsui et al., 1998) , ROCK inhibition leads to stress fiber disassembly. ROCK inhibition has also been reported to lead to cell polarisation (Hirose et al., 1998; Piddini et al., 2001; Ward et al., 2002) , and this effect has been associated with changes to the microtubule cytoskeleton (Hirose et al., 1998; Omelchenko et al., 2002) . Similar to the effect reported here for fibroblasts, ROCK inhibition has recently been shown to induce neurite elongation and branching in hippocampal neurons (Tanaka et al., 2002) , and rapid neurite formation has also been described for Y-27632 treated N1E-115 cells and cerebellar granule neurons (Hirose et al., 1998; Bito et al., 2000) . It has hence recently been proposed that the cellular mechanisms involved in neuritogenesis may be similar to the polarisation and actin dynamics of non-neuronal cells (Da Silva and Dotti, 2002) . Our results clearly support this suggestion, although it appears that effects on microtubule organisation, rather than changes in actin assembly dynamics, may be critical for polarisation and neurite formation.
Although no molecular mechanism has been proposed for the effect of ROCK inhibition on microtubules, it is clear from our results that this response is greatly enhanced in dominant negative Cbl expressing cells. Cbl itself has also been identified as an important regulator of the cytoskeleton (Scaife and Langdon, 2000; Scaife et al., 2003; Krawczyk et al., 2000) . Indeed, Cbl inhibition is known to lead to increased activation of Rho-family proteins Krawczyk et al., 2000; Shao et al., 2003) . The effect of Cbl on T-cell receptor-mediated Cdc42 activation appears to result from altered tyrosine phosphorylation of the guanine nucleotide exchange factor Vav Chiang et al., 2000) .
Similarly, the pronounced effect of dominant-negative Cbl on actin dorsal ruffle formation correlates with an increase in RTK-dependent Rac-activation . The effect of Cbl on the actin cytoskeleton is therefore fully consistent with its proposed role in attenuation of RTK signalling (Thien and Langdon, 2001 -Martinez et al., 2003) . The neuritogenic effect of δ-catenin, which is sensitive to tyrosine phosphorylation by Src kinases, is not affected by dominant negative Rac or Cdc42 constructs. This is reminiscent of the effect of 388-Cbl on NIH 3T3 cells, and it is worth noting that the Cbl-related protein Hakai has been implicated in the stability of cadherin-catenin contact sites (Fujita et al., 2002) . Clearly though, considerable further investigation will be required to establish if, and how, Cbl affects δ-catenin and neuritogenesis.
Materials and Methods
Cell culture NIH 3T3 fibroblasts were obtained from ATCC and cultured in DMEM (Trace Biochemicals) containing 10% FCS (Gibco/BRL) and 2 mM L-glutamine (Trace Biochemicals) at 37˚C and 5% C0 2 . PC12 cells were provided by Dr David Bowtell (Melbourne) and were cultured at 37˚ C and 5% C0 2 in DMEM containing 5% FCS (Gibco/BRL), 10% Donor Horse serum (Trace Biochemicals) and 2 mM L-glutamine (Trace Biochemicals) supplemented with 20-100 ng/ml NGF (Sigma).
Cells were grown to approximately 50% confluency prior to serum starvation for 24 hours in DME + 0.5% FCS. Serum starved cells were activated at 37˚ C with 10 ng/ml PDGF 
Plasmids and Transfections
Constitutively active Rho (L63RhoA), subcloned into pRK-myc, was provided by Alan Hall (London) while EGFP chimaeras of dominant negative Rac (N17Rac1) and dominant negative Cdc42 (N17), were provided by Dr Nathalie Morin (Montpellier).
Constitutively active Rho and dominant negative ROCK and Crk were expressed by transient co-transfection of plasmid containing the cDNA coding for L63Rho-A, ROCK-KIDA (Hirose et al., 1998) or Crk-SH2* or Crk-SH3* (Tanaka et al., 1993) with pcDNA3 plasmid coding for Enhanced Green Fluorescent Protein tagged with a nuclear localisation signal (NLS-GFP, provided by Dr J. Borst, NKI, Amsterdam). pJZenNeo vectors encoding HA epitope tagged c-Cbl cDNAs have been described previously (Andoniou et al., 1994) . pJZenNeo constructs were electroporated into Ψ2 packaging cells to generate virus particles for infection of NIH 3T3 cells which were selected with 400 µg/ml active G418 (Gibco/BRL). All other cDNA constructs were expressed transiently following transfection of cells using Fugene 6 transfection reagent (Boehringer).
Immunofluorescence and phase-contrast microscopy
For immunofluorescence microscopy, NIH 3T3 cells were seeded onto coverslips coated with polylysine (0.1mg/ml) in the presence or absence of 1 µM cytochalasin D, 1 µg/ml nocodazole, 2 µM taxol, 8 µM ML-7 (Calbiochem), and 25 µM Y-27632 (Welfide Corporation) prior to fixation in 4% p-formaldehyde/PBS. PC12 cells were similarly seed onto glass coverslips, but were fixed in 100% methanol at -20˚ C for 20 minutes. The fixed cells were then permeabilized for 1 minute with 0.2% Triton X-100 in PBS containing 2.5 mg/ml BSA. Coverslips were rinsed with PBS and incubated for 60 minutes, with 0.5 µg/ml TRITC-phalloidin (Sigma) and anti-tubulin antibodies (7.5 µg/ml Sigma mAb, # T-4026) at 37˚ C for 60 minutes in PBS containing 2.5 mg/ml BSA. Following a PBS wash the coverslips were incubated with 5 µg/ml biotin-SP conjugated goat anti-mouse (Jackson Laboratories, catalog number 115-065-003) at 37˚ C for 60 minutes in PBS containing 2.5 mg/ml BSA.
Biotin-labelled antigen-antibody complexes were then visualised by incubation for 60 min with PBS containing 2.5 mg/ml BSA and 2 µg/ml Alexa 488 conjugated Streptavidin (Molecular Probes) and nuclei were stained with Hoescht 33342. For detection of Glu-tubulin, cells were stained using this same protocol, except that Tritc-phalloidin was replaced with
Rabbit polyclonal anti-Glu antibodies (Paturle-Lafanechere et al., 1994) that were detected using Alexa 546-conjugated Goat anti-Rabbit antibodies (Molecular Probes). Acetylated tubulin was detected using 1/2000 diluted mAb 6-11b-1 (Sigma), followed by Cy3-conjugated 
Cell lysis, fractionation and Western blotting
Cells were washed with PBS and total lysates were obtained by addition of 37.5 mM Hepes buffer (pH 7.4) containing 112.5 mM NaCl, 0.75% Triton X-100, 0.75% sodium deoxycholate, 1% sodium dodecyl sulphate, 10% glycerol, 1 mM MgCl 2 , 0.75 mM EDTA, and protease inhibitors at 100˚ C. Cytoskeletal fractions were obtained following extraction of cytosolic proteins by a 1 minute incubation of the cells with 80 mM Pipes (pH 6.7), 1 mM EGTA, 1 mM MgCl 2 , 10% glycerol, 0.3 % Tx-100, 5% polyethyleneglycol and protease inhibitors at 37˚C. Following sonication, aliquots of total cell lysates and cytoskeletal fractions were subjected to SDS-PAGE and transferred onto nitrocellulose membranes (Amersham).
Membranes were blocked with 10% non-fat milk (Carnation), 5% BSA (Boehringer) in TBS containing 0.5% Tween-20, and probed with antibodies directed against β-tubulin (clone 21 TUB2.1, Sigma), followed by HRP conjugated secondary antibody (Silenus). Antigen was then visualized by chemiluminescence (ECL, Amersham) using Hyperfilm MP (Amersham). 
